The mechanisms by which these adaptive changes take place are complex and only understood in broad physiological terms. Luminal factors such as nutrients and pancreaticobiliary secretions are important in maintenance of cell proliferation in the small intestine in mammals. 8 Systemic, circulating factors may also influence mucosal morphology and cell proliferation.'2 As yet, no specific factor(s) has been conclusively identified although enteroglucagon has been implicated.'3 Epidermal growth factor has a potential role,'4 but may act through the lumen rather than systemically.'5 While it has been concluded that both systemic and luminal factors are involved in adaptation of the shortened gut, the relative importance of each is unknown.'6 It has been concluded that systemic factors play only a permissive role," but it remains uncertain whether systemic factors are trophic in the absence of any luminal contents.
Compensatory structural and functional changes occur in the small intestine after bypass or resectional surgery. In segments left exposed to luminal contents after extensive resection there is an increase in both epithelial cell proliferation rate in the crypts and migration rate of these cells onto the villi, resulting in enlarged villi.'-3 Functionally, these segments exhibit increased absorptive capacity per unit length. ' The mechanisms by which these adaptive changes take place are complex and only understood in broad physiological terms. Luminal factors such as nutrients and pancreaticobiliary secretions are important in maintenance of cell proliferation in the small intestine in mammals. 8 Systemic, circulating factors may also influence mucosal morphology and cell proliferation. ' 2 As yet, no specific factor(s) has been conclusively identified although enteroglucagon has been implicated.'3 Epidermal growth factor has a potential role,'4 but may act through the lumen rather than systemically. '5 While it has been concluded that both systemic and luminal factors are involved in adaptation of the shortened gut, the relative importance of each is unknown. ' 6 It has been concluded that systemic factors play only a permissive role," but it remains uncertain whether systemic factors are trophic in the absence of any luminal contents.
Jejunoileal bypass in which bypassed intestine is retained as a self-emptying loop, and similar models of intestinal adaptation, offer the opportunity to test the influence of systemic factors on intestinal epithelial proliferation relative to luminal factors, as all intestine remains exposed to the same systemic factors. Jejunoileal bypass produces hypertrophy of the gut left in continuity and exposed to luminal contents, the extent being proportional to the degree ofbypass. 17 The histology ofselfemptying loops created by the bypass has been reported to show a variety of changes: either atrophy2' [17] [18] [19] [20] or hypertrophy.321-22 Whether these changes result from an alteration in cell proliferation or in life span of villus cells is not clear. The relationship between the degree of atrophy or hypertrophy of the self emptying loop and the extent of the jejunoileal bypass -that is, the degree of shortening of incontinuity gut, has not been studied. If systemic growth factors were present in jejunoileal bypass, then these might stimulate cell proliferation in self emptying loops and so counteract the atrophic effect of diversion of luminal contents on mucosa of self emptying loops, depending on the relative importance of each influence.
The aim of this study was to determine the importance of systemic factors versus luminal factors and their influence on epithelial morphology and cell proliferation of rat small intestine. Villus area and crypt cell production were measured and compared in intestinal segments in rats subjected to 85% and 25% jejunoileal bypass. The maturity or extent of differentiation of epithelial cells was also determined by measuring the brush border enzymes, alkaline phosphatase, sucrase, and leucine aminopeptidase. Diagrammatic representation ofgut segments studied in the sham operated, 85% and 25% jejunoileal bypass rats. The 85% bypass has an extensive bypass creating a long self emptying loop, relative to the shorter 25% bypass loop. Segment 1-2 represents the segments designatedjejunum, 3-4 the selfemptying loop (SEL) and 5-6 the ileum. Arrows in each region indicate the I cm segments taken for histology with the adjacent 3 cm segment being usedfor enzyme assay. In the SEL the segmentsfor histology and measurement ofcrypt cell production rate were taken I cm awayfrom the blind end and then afurther 15 cm closer to the anastomosis. irrigated with ice cold saline. The weight per unit length of standardised segments of jejunum, ileum and the end of self emptying loops was estimated by measuring ice cooled segments allowed to hang with a 10 g weight attached to the end. After opening the intestine longitudinally, standardised 1 cm segments were taken for histologic examination (Fig 1) Vincristine sulphate (David Bull, Laboratory, Melbourne, Australia) was given to rats by ip injection (1 mg/kg of body weight) to arrest cells in metaphase. The rats were killed at 1, 1 5, 2, 3 and 3 5 or 4 hours after injection. The injection times were staggered to enable the animals to be killed over a period of two hours and so minimise circadian variations in both enzyme activity and crypt cell production rate. Counts of arrested metaphases per crypt were obtained from longitudinally orientated histological sections; 50 crypts were counted per segment per rat. The number of arrested metaphases per crypt was plotted against time and the crypt cell production rate index calculated from the slope of this line. The crypt cell production rate index was determined close to the blind end of the self emptying loops and in the mid-self emptying loops region (Fig 1) .
ASSAYS
Brush border enzyme activities were determined in standardised segments adjacent to those taken for histology from proximal jejunum, distal ileum and blind end of the self emptying loops in bypass rate and corresponding segments in sham operated rats (Fig 1) . Intestinal 
MORPHOLOGY
In the 85% bypass rats, histological examination confirmed adaptive hypertrophy in both jejunum and ileum (Fig 2) ; this was proportionally more marked in the ileum. The villus area index increased by 42% in the jejunum (p<0 001) and 133% in the ileum (p<0 001) compared to the sham operated rats. The villus area index in the self emptying loops of 85% bypass rats was similar to control segments in sham operated rats, however note that the crypt depth increased by 22% (p<005).
In rats subjected to 25% bypass there was a mild, but significant, adaptive hypertrophy in ileum, with a 28% increase in villus area index (p<0-0l). The jejunum remained similar to the sham operated rats (Fig 2) . In the self emptying loops of 25% bypass rats there was 25% decrease (p<001) in the villus area index and no significant change in crypt depth in comparison to sham operated rats.
CRYPT CELL PROLIFERATION
Metaphase accumulation was linear with time over the experimental period at both the end of the self emptying loops, which originally was proximal jejunum, (Fig 3a) and the mid-self emptyng loops region (Fig 3b) . There was no apparent lag in the onset ofvincristine metaphase arrest. The rate of metaphase accumulation, or crypt cell production rate, was determined from the gradient of the regression line. The rates at the end of the self emptying loops were: 85% bypass -3 58 (1 57) metaphase arrests/crypt/ hour/(±95% confidence interval), sham operated -3-01 (0 50), 25% bypass -1-88 (0 27). The rates in the mid-self emptying loops were: 85% bypass -3-39 (1-08), sham operated -3-20 (0-37), 25% bypass -2125 (1[57). In each experimental situation, the crypt cell production rates at the end of the self emptying loops were similar to those at the mid-self emptying loops region. The crypt cell production rate in 85% self emptying loops was increased compared to 25% bypass rats at both the end of the self emptying loops (p<0005) and the mid-selfemptying loops region (p<005). In both sites the crypt cell production rate index in 85% bypass rats was equal to or higher than that of sham operated rats.
ENZYME ASSAYS
The relationship between brush border enzyme Figure 4 . In jejunum of 85% bypassed rats, activities of alkaline phosphatase (p<005), and sucrase (p<0-0l) fell (Table II) (Table II) .
Discussion
The findings show that diversion of luminal contents during the creation of self emptying bypassed loops does not necessarily cause atrophy. Significant atrophy did occur in self emptying loops of animals subjected to a modest 25% bypass, but not in the longer self emptying loops of rats subjected to extensive 85% bypass. Low crypt cell production rates and relatively shallow crypts were seen in self emptying loops of 25% bypass rats, while crypt cell production rate and crypt depth were maintained at normal and above normal respectively in self emptying loops of the 85% bypass rats. Thus, atrophy in these self emptying loops is prevented by maintenance of cell proliferation. Rats subjected to 85% bypass showed the typical changes created by surgical shortening of the gut without bypass' 72930 of marked ileal and modest jejunal hypertrophy. Shortening of the gut in 25% bypass rats caused mild hypertrophy only in ileum. It seems likely, therefore, that the growth stimulus responsible for adaptive hypertrophy in 85% bypass rats is also the factor which prevents atrophy by maintaining cell proliferation in self emptying loops. Thus, variation in extent of bypass could explain varying reports of histology in self emptying loops in previous studies.2 3 17 22 The mechanism responsible for increased crypt cell proliferation in short gut syndrome is uncertain. One hypothesis is that malabsorbed nutrients release growth factors from distal intestine, these enter the systemic circulation and so are delivered to the entire gut." 332 Enteroglucagon has been implicated as the growth factor by a body of indirect evidence, I' but a recent study in which antibodies were used to block its action have not supported this. 33 An alternative mechanism involves the local release of high concentrations of paracrine growth factors by nutrient rich luminal contents presented to mucosa not normally exposed to such substances -namely distal ileum in short gut syndrome. It If the nutrient value of luminal contents were to be the principal mechanism for stimulation of crypt cell production rate in short gut syndrome, then we would expect atrophy and decreased crypt cell production rate in diverted self emptying loops no matter how short the functional gut. In this study crypt cell production rate and villus morphology were maintained in the long self emptying loops of rats with an 85% anatomically shortened gut. Thus, systemic, non-luminal growth factors are able to overcome the lack of luminal nutrients and other stimuli. This has a number of important implications. Systemic administration of a growth factor for therapeutic reasons 
